H ere, we report the outcome of 226 myeloma patients presenting with extramedullary plasmacytoma or paraosseous involvement in a retrospective study conducted in 19 centers from 11 countries. Extramedullary disease was detected at diagnosis or relapse between January 2010 and November 2017. Extramedullary plasmacytoma and paraosseous involvement were observed in 130 patients at diagnosis (92 of 38) and in 96 at relapse (84 of 12). The median time from multiple myeloma diagnosis to the development of extramedullary disease was 25.1 months (range 3.1-106.3 months) in the relapse group (median follow up: 15 months). Imaging approach for extramedullary disease was computed tomography (n=133), positron emission tomography combined with computed tomography (n=50), or magnetic resonance imaging (n=35). The entire group received a median two lines of treatment and autologous stem cell transplantation (44%) following the diagnosis of extramedullary disease. Complete response was higher for paraosseous involvement versus extramedullary plasmacytoma at diagnosis (34.2% vs. 19.3%; P=NS.) and relapse (54.5% vs. 9%; P=0.001). Also paraosseous involvement patients had a better progression-free survival (PFS) when recognized at initial diagnosis of myeloma than at relapse (51.7 vs. 38.9 months). In addition, overall survival was better for paraosseous involvement compared to extramedullary plasmacytoma at diagnosis (not reached vs. 46.5 months). Extramedullary plasmacytoma at relapse had the worst prognosis with a PFS of 13.6 months and overall survival of 11.4 months. In the multivariate analysis, paraosseous involvement, extramedullary disease at diagnosis, International Staging System (ISS-I), and undergoing autologous stem cell transplantation improved overall survival independently. This cohort demonstrated that extramedullary disease benefits from front-line autologous stem cell transplantation and extramedullary plasmacytoma differs from paraosseous involvement in terms of rate and duration of response, with even worse outcomes when detected at relapse, constituting an unmet clinical need. has improved substantially in the past 15 years and more than 25% of patients can now expect to live for more than ten years. 1 However, there is still a group of patients presenting with very poor prognostic features whose outcome has not improved; presentation with disease at extramedullary sites is included among these.
Once the plasma cells acquire independence from the cellular microenvironment, plasma cell leukemia or metastasis to soft tissues in the form of plasmacytomas may occur creating an unmet clinical need, even in the era of novel agents. 2, 3 Such an escape is driven by pathophysiological alterations including decreased expression of adhesion molecules, low expression of cytokine receptors or increased angiogenesis. 2 Two types of soft tissue involvement in myeloma have been defined: extramedullary plasmacytomas (EMP) resulting from hematogenous spread and involving only soft tissues, and paraskeletal or paraosseous (PO) plasmacytomas, consisting of tumor masses adjacent to bones and arising from focal skeletal lesions. 3, 4 The incidence of extra-medullary involvement and paraskeletal plasmacytomas at diagnosis ranges from 1.7% to 3.5% and from 6% to 34.4%, respectively; at relapse, the presence of extramedullary disease (EMD) increases up to 10%. [3] [4] [5] [6] There is no clear evidence that the incidence of EMD is higher at relapse after allogeneic transplantation or after exposure to novel anti-myeloma agents. 7, 8 At present, there are limited data regarding the basic features of EMD, such as incidence, prevalence, clinical characteristics, laboratory features, and response to novel drugs. [6] [7] [8] [9] [10] [11] Two previous publications reported the incidence of EMD at diagnosis and relapse to be 15% and 20%, respectively. 12, 13 In the largest study to date, Varettoni et al. report the results of 1,003 consecutive MM patients who presented to the University of Pavia in Italy between 1971 and 2007 with an incidence of 13% (7% EMD at diagnosis and 6% at relapse). Of note, cytogenetic data were not available for all patients and were not included in the analysis. 6 Extramedullary disease both clinically and morphologically resembles lymphoma transformation in terms of laboratory features, such as frequent association with high serum levels of lactate dehydrogenase. 14 In addition, the majority of patients presenting with EMD have highly complex cytogenetic abnormalities and, as found most recently, high-risk features on gene expression profiling. 15 In a classic monoclonal immunoglobulin-secreting tumor, EMD may present as light chain secretory, hypo-secretory, or non-secretory disease as a sign of disease de-differentiation and transformation. 16 Moreover, an increase in the incidence is probably due to the availability of highly sensitive imaging techniques and the prolongation of survival. Modern imaging techniques, especially 18F-fluorodeoxyglucose (FDG) PET, have become extremely helpful in documenting suspected EMP. 8 Except for solitary plasmacytoma, there is no standard approach for EMD management. 17 Neither response to EMD within the clinical trials nor case reports have been extensively analyzed and, therefore, no evidence-based consensus has been reached. Therefore, the objectives of this study were to determine the demographic and clinical characteristics of EMD (EMP or PO) among myeloma patients at initial diagnosis or relapse to evaluate its impact on treatment outcomes. The response, progression-free survival (PFS) and overall survival (OS) of this real-world data based on 226 patients will serve as a reference for future studies addressing EMD.
Methods
This is a retrospective, multi-institutional study conducted in 19 centers from 11 countries in Europe. Patients were identified through a database search at each of the participating institutions. Adult (≥18 years) patients with MM who had a pathological and/or radiological diagnosis of extramedullary involvement at any time of follow up between January 2010 and November 2017 were included. Ethical committee approvals and consents were collected from each patient on admission depending on the local regulations of each country. The diagnosis of EMD was made in accordance with the International Myeloma Working Group Guidelines. 18 Eligibility criteria included EMD at any time following the initial diagnosis of MM excluding plasma cell leukemia or solitary plasmacytoma. Those patients with pathological or radiological evidence of neoplastic plasma cells in the soft tissues adjacent to axial skeleton were considered to have PO involvement of locally advanced myeloma, but not EMP. On the basis of type of extramedullary involvement, we defined two groups of myeloma patients: PO group and extramedullary organ/tissue involvement (EMP). Cases with both PO and EMP were included in the EMP group. Disease stage at diagnosis was determined according to the International Staging System (ISS; I-III). Remission, progression, and relapse were defined according to standard International Myeloma Working Group (IMWG) criteria. Progression was calculated from the date of diagnosis of EMD until the date of progression of myeloma or isolated EMD, whichever occurred first.
Clinical data included age at the time of MM diagnosis and at the time of EMD, ISS stage, cytogenetic abnormalities, radiological findings (PET-CT/MRI/CT), number and types of therapies including chemo/radiotherapy, autologous stem cell transplantation (ASCT) for EMD, response, PFS and OS.
Categorical variables were compared with the use of the Fisher's exact test or the χ 2 test. Continuous variables were analyzed using the Kruskal-Wallis test for independent samples. Survival probabilities were estimated by the Kaplan-Meier method, 19 and the Log-Rank test was used for univariate comparison. Outcomes were determined as response to treatment, PFS and OS. We also compared the PFS and OS between the time of EMD diagnosis and PO/EMP cohorts. To assess the multivariate factors for each end point, we used Cox proportional hazard model to estimate hazard ratios (HR) with 95% confidence intervals (CI). All tests were two-sided, with the type 1 error rate fixed at α=0.05. All analyses and graphs were obtained using the statistical software SPSS Statistics 21 (SPSS; IBM Corp., Armonk, NY, USA).
Results

Clinical characteristics
A total of 226 patients met the predetermined criteria for inclusion in this study. Baseline clinical characteristics are summarized in Table 1 . Median age at diagnosis of EMD was 62 years (range 34-87 years). EMP/PO were observed in 130 patients at the time of initial diagnose (92 of 38) and in 96 during disease relapse (84 of 12). The median time from MM diagnosis to the development of EMD in the relapsed group was 25.1 months (range 3.1-106.3 months) with relatively faster progression among the EMP patients (PO: median 9.8 months; EMP: median 5.7 months; P=NS). Since Jurczyszyn et al. 20 have demonstrated a survival advantage among younger patients, an age cut-off of 45 years was adopted (Table 1) revealing younger age for PO (59 years) versus EMP (64 years) (P=0.01). Median ages of patients presenting with PO (58.5 years) or EMP (62 years) at diagnosis were not significantly different. The imaging modalities used for the diagnosis were CT (n=133), PET-CT (n=50) and MRI (n=35). The anatomical distribution of EMD is depicted in Table 1 . Most patients with EMP (65%) presented with one involved site, 16% had two sites, and 11% had three sites, while involvement in four and five sites was present in 7% of patients, respectively.
Cytogenetic analysis of clonal plasma cells in the bone marrow at the time of MM diagnosis was available for 111 of 226 (49.1%) of the patients with EMD (Table 1) .
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Therapeutic interventions and response
Treatments of patients are summarized in Table 1 . The most commonly used treatment was combination chemotherapy with or without radiotherapy followed by cyclophosphamide/bortezomib/dexamethasone (45.6%). A total of 100 patients received ASCT, of which 67 (51.5%) with EMD at diagnosis. Median interval from EMD diagnosis to ASCT was 11.3 months (2-91 months). Transplant was a more frequent treatment approach among patients presenting with PO (31 of 38) compared to those with EMP (36 of 92) In addition, 29 patients (12.8%) had already been transplanted prior to the diagnosis of EMD, which developed after a median of 30.8 months post ASCT. Only four EMD patients diagnosed at relapse underwent ASCT. The entire group received a median of two lines of treatment following the diagnosis of EMD. Seventy-five (57.7%) myeloma patients with EMD at diagnosis went on to receive second line of therapy and 48 (37.2%) received more than two lines of therapy. Among 96 patients with EMD at relapse, 56 (58.3%) of them received more than two lines therapy.
As can be seen in Table 2 there were significant differ-ences in outcomes when EMP was compared with PO. A statistically significant difference in complete response rate (CR) (PO: 38.8% vs. EMP: 14.8%; P=0.001) was observed following first line of treatment (not shown in Table 2 ). Of the 88 newly diagnosed EMP patients, with response to induction available, 35 had received radiotherapy without (n=6) or with (n=29) systemic treatment. These patients achieved a CR rate (11.4 %) that was considerably less than the CR (24.5%) achieved with chemotherapy alone. Among those who received ASCT, there was an improved CR rate of 29% versus 19% (at diagnosis) 41.7% versus 9.5% (at relapse). However, regardless of treatment, 51.4% of even those who achieved CR progressed within median 18. 
Survival analyses and prognostic factors
We did not find any association between EMP, ISS or age (Table 3 ). At the time of this report, 118 patients (52.2%) have died and the median follow up after EMD diagnosis is 15 months (range: 2-105 months). The estimated median PFS and OS from initial diagnosis of myeloma for the EMP and PO groups with a median follow up of 24.4 months are summarized ( Table 2 and Figure 1 ). At initial MM diagnosis, PFS and OS were 38.9 months and 46.5 months for EMP, whereas 51.7 months (P=0.034) and not reached (P=0.002) for PO, respectively. However, if diagnosed at relapse, PFS and OS were 13.6 months and 11.4 months for EMP compared to 20.9 months (P=0.249) and 39.8 months (P=0.093) for PO, respectively ( Table 2 and Figure 1 ).
In the group of patients with EMD at initial diagnosis, the OS was 46.5 months (95%CI: 10.3-31.5) with 2-and 5-year OS rates of 74.1±0.4 % and 47.1±0.6 %, respectively (P<0.001). For the PO group, median OS after ASCT was not reached versus 43.5 months in the EMP group (P=0.018).
In the univariate analysis, ISS staging (II/III vs. I) at the time of initial MM diagnosis (Figure 2A) , time of EMD diagnosis (relapse vs. initial diagnosis) ( Figure 2B ), type of extra-medullary involvement (EMP vs. PO) ( Figure 2C) , and not undergoing ASCT (all patients) ( Figure 2D ) were associated with a worse OS. In the multivariate analysis, ISS stage I versus II-III, EMD at diagnosis versus relapse, PO versus EMP and yes versus no for ASCT were independently associated with better OS. The univariate and multivariate models are shown in Table 3 .
Discussion
Extramedullary disease (EMD) is generally considered to be a poor prognostic factor. This multi-institutional realworld retrospective analysis on 226 patients has shown PFS/OS similar to the general myeloma population for those presenting with PO but not EMP. 9 However, EMD at diagnosis when treated with ASCT was able to reach a median PFS of 79.5 months (95%CI: 42.4-116.6) versus 30.1 months (95%CI: 11.2-48.9) depending on the depth of response (≥VGPR). Thus, although deep responses are reachable they are not sustainable for EMP even with ASCT.
In a report from the Spanish PETHEMA group, an upfront comparison was made of patients treated with three induction regimens: (i) thalidomide/dexamethasone; (ii) bortezomib/ thalidomide/dexamethasone; and (iii) vincristine/carmustine/melphalan/cyclophosphamide plus prednisone/vincristine/carmustine/adriamycin/bortezomib with the lowest rate of progressive disease being observed in the bortezomib/ thalidomide/ dexamethasone arm. EMD was reported in 18% of patients across this study and the response among EMD patients were not specified. 9 There are limited data concerning the efficacy of novel agents in myeloma patients with EMD. Different groups reported successful use of bortezomib. 21, 22, 23 The efficacy of other proteasome inhibitor (PI) (carfilzomib and ixazomib) is still unknown. The efficacy of IMID is also limited. Rosinòl et al. reported the data on the lack of efficacy of thalidomide in myeloma patients with EMD in different series. 24, 25 In addition, Anagnostopoulos et al. recently demonstrated that relapses may occur under thalidomide maintenance with an increase in bone marrow plasma cells and no increase in the M-protein size. 26 The efficacy of lenalidomide on plasmacytomas has not yet been reported. Concerning pomalidomide and dexam-Improving outcome in MM with EMD haematologica | 2020; 105(1) 205 27 In a retrospective study, a subset of 101 EMD patients (66 at diagnosis and 35 at relapse), were compared to patients without any EMD but enrolled in Total Therapy (TT) or non-TT protocols. 28 Regardless of therapy, EMD was associated with shorter PFS and OS: EMP at diagnosis was associated with poor PFS (TT: 27%, non-TT: 12% after 5 years) and OS (TT: 35%, non-TT: 34% after 5 years) regardless of whether or not the patients were treated on TT protocols. 14 The PFS and OS in our study is comparable to the survival durations reported by the Arkansas group. Usmani et al., but not Pour et al., found fluorescence in situ hybridization (FISH) detectable abnormalities to be associated with EMD and poor outcome. 21, 24 In our study, FISH analysis was available in half of the patients and was similar to the experience of the Czech group revealing results comparable to the general myeloma population. In our experience, only 13q del (18%), was observed less frequently than expected.
In a recent paper, Kumar 6-25.4) . Achievement of CR post transplant was found to be the most important predictor for OS and PFS in this study. 29 In our cohort, 67 myeloma patients with EMD at diagnosis underwent ASCT within a median of 10.7 months and 39 patients (66.1%) achieved ≥very good partial response (VGPR) following ASCT. We were also able to demonstrate the impact of transplant on OS in our newly diagnosed EMD ASCT cohort in univariate and multivariate analysis. Although PFS was comparable to the standard myeloma population, we were not able to see the impact of response ≥VGPR, which may be attributable to the differences among the imaging tools used.
The European Group of Blood and Marrow Transplantation (EBMT) recently reported on 682 EMD subjects (EMP/PO: 139/543) who have received ASCT. In this report, PO (14.5%) involvement was found to be more frequent compared to EMP (3.7%). They noted a gradual increase in frequency of EMD from 2005 to 2014. 30 Similar to our results, they also report ISS to have a poor haematologica | 2020; 105(1) 
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prognostic effect on PFS and OS. Organ distributions are similar between the EBMT report and ours. We have to consider selection bias in their report, as elderly patients not transplanted are not included. Our study did not aim to analyze the frequency of EMD, but rather the response and survival outcomes. Our results for patients detected at diagnosis differ from the EBMT report as their median PFS (PO vs. EMP) values were 36 versus 24 months, compared to our results, which were 51.7 versus 38.9 months, respectively. In our study, ASCT was performed among 44% of our patients. Among the EMD following ASCT cases, a shorter 3-year PFS: 28.4±1.6% was observed compared to the PFS of those who were transplanted with EMD at diagnosis (55.8±6.7%; P<0.001). Usmani et al. have also concluded that even with the Total Therapy approach EMD is not controllable. In their study, non-EMD patients were able to improve their PFS from four to six years, but PFS of patients with EMD were approximately one year regardless of being included in the TT programs with a 5-year PFS of 50% versus 21% in no EMD versus EMD prior to ASCT groups, respectively (P=0.08). 28 Pour et al. reported on 55 cases in an extramedullary relapse setting and the most important finding in their study was the significant difference in prognosis for PO and EMP. If the extramedullary myeloma infiltration was not bone-related, the OS was extremely short and not longer than four months. They were not able to observe any association between EMD relapse and novel agents (thalidomide or bortezomib). 31 This multi-national study includes widely heterogeneous drug approvals and access to novel agents. In our relapsed EMD cohort, 24% (23 of 96) of patients received initial therapy without any novel agents. Although there was a trend in favor of PI, we were not able to observe an effect of novel agents on PFS. In addition, our cohort of relapsed EMP also had the worst prognosis with an OS of 11.4 months.
Our study results highlight a lack of an association between EMD and younger age at diagnosis. In our study, the age cut-off of 45 years was selected arbitrarily to distinguish younger patients from the general myeloma population (65+/-20 years). In general, the outcome of younger patients is better than that of elderly myeloma patients because of their better performance status and treatment tolerability. Median ages of EMP and PO of our patients were similar to the median value of 59 years reported in the EBMT study (EMP/PO: 64/59 years). 30 A standard approach for EMD has still not been established. Neither response to EMD within the clinical trials nor case reports have been extensively analyzed in order to arrive at an evidence-based consensus. The most standardized modality is to give radiotherapy and treat patients with multiple agents as if treating lymphoma. Given the dismal outcome of EMD reported by others and us, there is an unmet need to improve PFS and OS. Prospective clinical trials focusing on EMD are needed. Despite the limitations of a retrospective approach, the response kinetics reported in our real-world study may provide guidance in designing future EMD clinical trials. Since PO versus EMP, EMP at initial diagnosis versus relapse, ISS I versus II and III, ASCT yes/no are found to improve OS, these parameters need to be balanced in future studies comparing novel treatment approaches.
